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Abstract
Background: The composition, structure and biological diversity of two regenerated areas after livestock activities
in a Tamaulipan thornscrub vegetation from Northeast Mexico were evaluated. The regeneration of each area
was evaluated with the establishment of 12 sampling sites of 50m2. From the data obtained ecological indexes
such as: Importance Value Index and Diversity (alpha and beta) were evaluated.
Results: A total of 17 families, 40 genera and 42 species were registered, the most representative family was
Fabaceae with 11 spp. The intensive livestock area had 36 species; a Margalef index of 4.44 and a 1.24 Shannon
index, while the extensive livestock area had 32 species, a Margalef index of 4.24 and a 2.16 Shannon index.
The communities evaluated have a (48%) mean similarity.
Conclusions: 1) Regenerated communities after livestock use showed higher richness of species and alpha diversity.
2) Evaluated communities have a mean similarity of (48%). 3) Even after 25 years of regeneration the
most dominant species was Cenchrus ciliaris that is used for cattle forage.
Keywords: Diversity, Livestock, Mexican scrubs, Plant regeneration, Shannon index
Background
Livestock activity represents 5% of the global gross domes-
tic product (GDP), almost 29% of the terrestrial surface cor-
responds to permanent grasslands or to systems of forage
cultivation used for feeding cattle [1]. In México livestock
activity stands for 56% of the national territory and some
northern states are used for this particular purpose [2]. The
state of Nuevo León has a livestock area of 86% from its
total surface (i.e. 5.5 million of hectares), from these 90%
are used for livestock and 10% are used for cultivating
grasslands with different species [2]. However, it is evident
that in conjunction with other human activities, livestock
farming has strongly influenced some natural ecosystems in
this state and in other regions of the country [3].
In general, the current demand for cattle has led to
changes on the traditional extensive production form (large
areas with natural vegetation) to a gradual shifting to an in-
tensive form (small areas in where natural vegetation is re-
placed by grassland). The change is causing severe damage
to natural plant communities, especially those in arid and
semi-arid areas as scrubs [4]. In fact, thornscubs are the
most extensive and historically, the most widely used vege-
tation type in the arid and semiarid zones of Mexico [5, 6].
This vegetation type has been affected by antropogenic ac-
tivities for different uses and purposes [5, 7]. In the same
way, it has suffered continuous deforestation and land use
changes due to introduction of livestock [3, 8, 9].
In the 1960 and 1980’s 3 million hectares were defor-
ested to produce buffel grass (Cenchrus ciliaris L.) in the
states of Coahuila, Nuevo León and Tamaulipas and by
1998 only 1 million hectares remained [10]. Thus, livestock
areas are usually used only for some time and aban-
doned when their productivity is lower. These areas do
regenerate naturally but there is scarce information
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nities [8, 11]. Results of previous investigations indi-
cated that the arboreal and shrub plant community of
Tamaulipan thorny scrub regenerates after it has been
abandoned and the intensity and time of the activity
influences the final result of plant composition after
regeneration [12, 13]. Due to the intense land use
change and the scarce researches done in this ecosys-
tem, it is important to develop studies of vegetation
communities after disturbance due to different man-
agement practices, in order to provide documentary
bases to establish the direction of successional devel-
opment in different vegetation communities [14, 15].
This study has the main objective of evaluate regenerated
vegetation communities after livestock activity intensities (i.e.
intensive and extensive livestock), at the Tamauilipan thorn-
scurb of Northeastern México. From the evaluation we ob-
tained ecological indicators such as 1) abundance,
dominance (canopy area), frequency and the importance
value index, 2) alpha diversity (specific richness, Margalef
and Shannon Indexes), 3) beta diversity. The hypothesis of
this study is that the area used with intensive livestock will
have lower values of coverage, density and species richness.
Methods
Study area
This study was carried out in a Tamaulipan thornscrub
vegetation regenerated after livestock activities in Northeast-
ern Mexico in the municipality of Pesquería, Nuevo León
(Fig. 1). This area is located at an altitude of 310 m. The cli-
mate in the area is considered as dry BSOhw according to
Köppen as modified by García [16] for the Mexican Republic.
The mean annual temperature is 20° a 22 °C and the hottest
months are July and August whereas the lower temperatures
occur in December and January with 13 °C a 14 °C.
Some of the species with the highest importance value
index in the region are Leucophyllum frutescens (Cenizo),
Cordia boissieri (Anacahuita) y Acacia amentácea (Gavia),
Prosopis glandulosa (Mezquite), Havardia pallens (Tenaza),
Acacia farnesiana (Huizache), Parkinsonia texana (Palo
verde) and Celtis pallida (Granjeno) [6].
Floristic inventory
In order to accomplish the main objective of this study,
two vegetation communities with different historical live-
stock uses were selected. The extensive livestock area (25°
43′25.46″, 99°58′7.15″ and 18.58 ha), was influenced by
decades of use with selective extraction of woody species
as well as for tramping and feeding activities of livestock.
In 1998 productive activities in this area were abandoned.
In the area with a historical intensive livestock activity (25°
43′25.63″, 99°58′19.43″ and 28.66 ha), the secondary vege-
tation was eliminated and in 1977 an exotic grassland (Cen-
chrus ciliaris) was established and livestock were grassing
there for 10 years (i.e. 1978–1988). In both areas, productive
activities were abandoned and regeneration occurred
naturally.
Fig. 1 General location of study area. From left to right: Mexico, Nuevo León and the municipality of Pesquería. The study area is
indicated with a star
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After twenty five years livestock activities (i.e. in 2013),
the vegetation communities were evaluated in both
areas. In order to evaluate regeneration 12 sampling sites
(i.e. 24 in total) in each area were established. Rectangular
sampling sites of 50 m2 (5 × 10 m) were used for facilitating
the limits and measurements in dense vegetation when
compared with circular shaped sites [17].
Distribution of sampling sites was randomly selected
and information of all trees, shrubs and herbaceous
species was registered. Trees and shrubs with a basal
diameter of d0.10 > 1 cm, were evaluated as well as all
herbaceous species.
Data analysis
Abundance was determined for each species, considering
the number of individuals, their dominance regarding
the function of the canopy coverage and its frequency
based on its existence in sampling sites. Results were
used in order to obtain a balance value at the taxon level
named Importance Value Index (IVI), which has per-
centage values in a scale of 0–100 [18]. For relative
abundance estimate the following equation was used:
ARi ¼
 
Ai
.X
i¼1…n
Ai
!
 100 Ai ¼ Ni
.
S
Where Ai = absolute abundance, ARi = relative abun-
dance of the species i respect to the total abundance, Ni
= number of individuals of the species i, S = sampling sur-
face (ha). Relative dominance was evaluated by means of:
DRi ¼
 
Di
.X
i¼1…n
Di
!
 100 Di ¼ Abi
.
S hað Þ
Where Di = absolute dominance, DRi = relative domin-
ance of the species i respect to the total dominance, Abi =
canopy area for the species i and S = surface (ha). Relative
frequency was obtained with the following equation:
FRi ¼
 
Fi
.X
i¼1…n
Fi
!
 100 Fi ¼ Pi
.
NS
Where Fi = absolute frequency, FRi = relative fre-
quency of the species i with respect to the total fre-
quency, Pi = number of site per species occurrence i,
NS the total sampling sites number. The importance
value index (IVI) has percentage values from 0 to 100%
and is taken in accordance to [19, 20]:
IVI ¼ ARi þ DRi þ FRi
3
Where ARi = Relative abundance of the species i with
respect to total abundance, DRi = relative abundance of
the species i respect ot total dominance, FRi = relative
frequency of the species i respect to total frequency.
In order to determine alfa diversity two indexes were
used, Margalef (DMg) [21] corresponding to the number
of present species (richness of species) and that by Shannon
(H´) [22] corresponding to the community structure, i.e.
the proportional distribution of the value given to each spe-
cies. The following formulas were used for its calculation:
DMg ¼ S−1ð Þ1n Nð Þ
H
0 ¼ −
XS
i¼1
pi  1n pið Þ
pi ¼ ni

N
Where S = number of present species, N = number of
total individuals, ni = number of individuals per species i,
pi = proportion of individuals of species i with respect to
the total number of individuals.
In order to determine variability of species composition
between the sampling units, the beta diversity was used.
Similarity of vegetation communities was calculated using
the Sorensen similarity coefficient used for quantitative
data (IScuant) using the formula by Magurran [23]:
IScuant ¼ 2pNaN þ bN
Where aN = total number of individuals in the site A,
bN = total number of individuals in the site B, pN =
Summary of the lower abundance of the shared species
between both sites.
In order to determine differences between density and
canopy, as well as between the Margalef and Shannon
indexes of both thornscrub areas, the mean values from
the sampling sites were added. When data was arranged
with the normality and homogenicity criteria a T test
with a (α = 0.05) was carried out.
Results
Forty two species from 40 genera and 17 families were
registered (Additional file 1). The most representative
families were Fabaceae with 11 species (26.19%), Astera-
ceae with 6 especies. (14.28%) and Euphorbiaceae, Poa-
ceae and Rhamnaceae with 3 species each (7.14%).
These families had 24 genera and 26 species, corre-
sponding to 62% of the registered flora in the study area.
In the study area species with higher abundance, fre-
quency and dominance values were: Cenchrus ciliaris,
Parkinsonia texana and Cordia boissieri. Cenchrus
ciliaris had the higher ecological importance for the
community (Table 1).
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The area with intensive livestock history had a density
of 43,967 N/ha, and Cenchrus ciliaris represents 75%.
This vegetation community has a canopy coverage
higher than 100% and overlapping of canopies. The
species that showed a higher canopy coverage were:
Cenchrus ciliaris (46.89%), Parkinsonia texana (17.70%)
and Cordia boissieri (14.06%), adding up to 79.19% of the
coverage. The species with the higher ecological import-
ance in this community were Cenchrus ciliaris (44.15%),
Parkinsonia texana (8.18%) Cordia boissieri (7.71%),
Acacia rigidula (5.22%), and Acacia schaffneri (3.73%).
The area with the historical extensive livestock activity
has a density of 24,850 N/ha, and Cenchrus ciliaris rep-
resents 44%. This vegetation community has a canopy
coverage of 16,128 m2. The species that showed a higher
canopy coverage were Parkinsonia texana (37.91%)
Cenchrus ciliaris (13.63%) and Cordia boissieri (11.03%)
adding to 62.57% of the total coverage.
The species with the higher ecological importance in
the study area were: Cenchrus ciliaris (22.11%), Parkinsonia
texana (16.41%), Cordia boissieri (7.12%), Eysendhartia sp.
(6.41%), and Zanthoxyllum fagara (5.9%).
Density for individuals was statistically different be-
tween thornscrubs (P < 0.000), while plant cover showed
similarity (P = 0.081).
Diversity
According to the alpha diversity, the vegetation commu-
nity with intensive livestock history showed a richness of
species of 36 and extensive livestock had 32. Margalef
index (specific richness) showed values of DMg = 4.44 and
DMg = 4.24 respectively. Margalef index values between
thornscrubs showed a statistical similarity of (P < 0.000).
In relation to the Shannon index, the area with the in-
tensive livestock history had a value of H´ = 1.24 and the
extensive livestock area had H´ = 2.16. These values
showed a statistical difference of (P = 0.097).
Discussion
Forty two species, 40 genera and 17 families (see Table 1)
were registered. The most representative family was
Fabaceae with 11 species (26.19%). The high presence of
this family, and of the Acacia spp., could represent an
important input of nitrogen to the ecosystem due to its
capacity to fix atmospheric N2 [24, 25]. The abandoned
areas that have been stripped of their natural vegetation
coverage and used for agricultural and livestock prac-
tices tend to have a low availability of nitrogen in soil,
when compared with undisturbed areas subjected to sec-
ondary succession [26], so that species fixing atmospheric
nitrogen have some advantage on others, specially in the
early stages of secondary succession [5, 27]. These results
are in accordance with those reported by several authors
[14, 28, 29], they obtained similar numbers of families,
genera and species, and they also found the Fabaceae
family as the most representative of different regenerated
areas. The greater amount of legumes can also be ex-
plained by their tolerance to edaphic drought conditions
of the study area, since these species have higher values
in water potential of the xylem at pre-dawn and at
noon, under drought conditions, compared to other
species [29, 30]. Apparently the abundance of species of
this family represents a clear example of over grassing
activities according to Palacios [31].
Cenchrus ciliaris was the most valuable species in both
areas. This might be because it is an invasive not native
species that adapts well to arid and semi-arid ecosystems
[32]. Some of its characteristics are the accumulation of
carbohydrates at the base of their stems for slow release
when necessary, a system of deep roots (up to 2.5 m in
deep soils), as well as the extended longevity of seeds
and opportunistic germination [33, 34]. The richness of
species values and Margalef index registered in historical
intensive livestock activities are high when compared
with post livestock regenerated areas [11], where the
community has values of DMg = 1.40. Jimenez et al., [35]
evaluated the species regeneration diversity for woody
species at the Tamaulipan thornscrub with agricultural
history in Northeastern Mexico reporting values of
DMg = 2.17. These values are high when compared to
those reported by Mora-Donjuan et al., [36] who evalu-
ated diversity and composition in a microphil desert
thorscrub with livestock history in northeastern Mexico
and registered values of DMg = 2.29.
Respect to the Shannon index, the intensive livestock
area values obtained are low whereas in the extensive
livestock area values are similar when compared to those
registered by Molina-Guerra et al., [37], they reported
composition and diversity of two areas with livestock
grassing systems at the Tamaulipan thornscrub in
Northeaestern Mexico and obtained values for Shannon
H´= > 2.22 and 2.11. Jimenez et al., [12, 28] evaluated
regenerated areas with different productive usage his-
tory and recorded values that were slightly lower for
alfa diversity H´ = 1.11 when evaluating the regener-
ation of woody species at the Tamaulipan thornscrub
with intensive livestock history compared with results
showed in the study (H´ = 1.24).
Values registered in this study are slightly lower when
compared with those reported by Canizales et al., [38],
they made an structural characterization of the submon-
tane thornscrubs at the Sierra Madre Oriental and had
values of H́ =3.0. According to the beta diversity, vegeta-
tion communities have a similarity of 0.48 for the species
representing 48% of similarity. This dissimilarity of (52%)
in the study areas is related to the fact that the intensive
livestock area has 10 species that are exclusive, and not
shared with the extensive livestock area, which has only 5
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exclusive species. These results are similar to those re-
ported by Alanís et al. [8], they evaluated regenerated
areas of the Tamaulipan thornscrub and mentioned that
soil history can determine future composition of the re-
generated vegetation.
Although the rate of change that occurred during the
period after the abandonment of livestock activities in
the study areas was not analyzed in detail. Some works
such as Kitajima and Fenner [39], showed that in altered
sites where the native vegetation was eliminated com-
pletely, the rate of change of the species is very high,
while in sites slightly altered the rate of change is lower
because the existing species have a rapid growth, estab-
lishing a deep root system that assures water in periods
of drought, competing for space, light and nutrients with
understory herbs and shrubs and are endowed with
chemical and mechanical defenses to resist the pressure
of the herbivores. Meanwhile Clewell and Aronson [40]
and Kelm et al. [41] note that climatic factors like
temperature and precipitation along with animal-plant
interactions (seed disperser native fauna), are essential
elements in the recovery of altered habitat. Thus, sites
subjected to intense livestock are more likely to be re-
covered since they can create an appropriate microenvir-
onment for regeneration and establishment of species,
that those sites subjected to extensive livestock where
the native species have been completely eliminated, af-
fecting in this way the succession and local regeneration
of vegetation.
Conclusions
1) Post livestock regenerated communities have a high
richness of species as well as high alfa diversity values, 2)
evaluated communities had a mean similarity of (48%), 3)
that even after 25 years of regenerations the most domin-
ant species was Cenchrus ciliaris that is commonly used
for cattle forage.
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